INTRODUCTION
The incidence of chromosome anomalies at birth has been reported to be 0.5% to 1.0%1-5), but these figures are regarded as reflecting only the results of selection in utero. The frequency of chromosome anomalies in the early stage of pregnancy, therefore, must be much higher.
Penrose6) was first to detect chromosome anomalies in a fetus obtained from a missed abortion. Since then, a number of authors have made chromosomal investigations in spontaneous abortions7-34). The frequencies of their reported chromosome abnormalities vary from 4 to 64%.
Cytogenetic analysis of a spontaneous abortion does not necessarily indicate the overall picture of the chromosome pattern during pregnancy. The method of using induced abortions is considered an effective way to determine chromosomal circumstances in the early stage of pregnancy35).
In Japan, cytogenetic observations of embryos from induced abortions have shown an average incidence of anomalies of 1.8%36-41). Use of the embryo alone is not a definitive test of the prevalence of chromosome aberrations in the early stage of pregnancy, because a considerable number of anomalous conceptuses often have been eliminated before the examination is performed. When the chorionic villi also are used, a comprehensive pattern of chromosome epidemiology can be secured in the population of conceptuses. Thus the study reported here was designed to examine karyotypes of both the embryos and the chorionic villi from induced abortions between the 5th and 12th weeks of gestation.
MATERIALS AND METHODS
Curreted materials from induced abortions in Niigata City were examined from August 1973 to June 1977. The materials used were obtained only from induced abortions for socio-economic reasons before the 12th week of gestation.
Materials obtained from abortions for medical reasons were excluded to prevent potential biases. The direct method without colchicine treatment was used42).
Materials were washed with a saline solution and analyzed. When no embryo was found, only the chorion was examined.
If the embryo and the chorion were present, both materials were examined.
Embryos and the chorionic. villi were minced separately, then centrifuged at 600rpm (60G) for 5 minutes. Carnoy's solution (a 3:1 mixture of methanol for an hour. After centrifugation, an ample amount of 60% acetic acid was added to the sediment, then one or two droplets were placed on a slide and stained with the conventional Giemsa method. At least ten metaphase plates were examined to count the number of chromosomes and to detect structural anomalies.
In the sex determination, the fluorescent staining method was used to find the Y-body.
Special attention was paid to the diagnosis of aneuploid mosaicisms.
Polyploid mosaicism was diagnosed when proportions of triploid or tetraploid cells were more than 10% of the cells analyzed.
RESULTS
Of the 1,661 cases examined, 1,250 (75.3%) were analyzed with success. The mean maternal age of the successfully examined cases was 28.0 years (min. 17-max. 46), and some aberrations was 80 (6.4%) ( Table 1 ). The types of anomalies and their distributions are given in Table 2 . In the table, "+ marker" stands for an excess metacentric chromosome smaller than Group F. Monosomies (C+X) were found in 8 cases. As an autosomal (C+X) was 16 (male 11, female 5). Adding two X chromosomes for the female and one X and one Y for the male to Group C, the expected number becomes 20.2. The observed number of complete trisomies in Group D was 9, and the expected number was 7.6. The observed and expected numbers in Group E were 10 and 7.6, respectively, and the observed and expected numbers in Group G were 8 and 5.1, respectively. The chi-square value calculated from the observed and expected numbers of katyotypic groups (except for B and F) was 4.43. (p<0.50). Consequently, there was no particular tendency for trisomies to occur in Groups A, C, D, E and G. Table 6 Incidences of chromosome anomalies by gestational age group (weeks) in relation to tissues analyzed * Fifty-one cases were excluded from scoring, since the gestational ages were not known. ** p<0.05 Table 7 Recovery rates of embryos by gestational age group (weeks) Fifty-one cases were excluded from scoring, since the gestational ages were not known. * p<0.05 ** p<0.01 *** p<0.001 **** p=0.04 Table 4 shows the incidence of different types of chromosome anomalies based on 5-year maternal age groups. One thousand two hundred and forty cases were analyzed. Ten were excluded from scoring, since maternal ages were not known. It is apparent that the incidence of chromosomally abnormal embryos increases as the maternal age becomes higher.
The frequency of 23.8% in mothers over 40 years of age is worth noting. Maternal age-dependence is distinctive in trisomies, but no such tendency exists in monosomies or polyploidies.
The maternal ages of normal and abnormal cases are shown in Table 5 . The mean age of mothers with trisomic embryos was 33.7 years (min. 20-max. 46 ). This is obviously higher than that of the normal group of 27.8 years (min. 17-max. 46, p<0.001).
In contrast, the mean maternal ages of monosomies and polyploidies were 26.5 years (min. 20-max. 36) and 28.3 years (min. 20-max. 41), respectively.
No statistical difference was found for either anomalous case when compared with the normal group.
After the 1,039th specimen, embryonic analysis was stopped, and only chorionic chromosomes were examined. Table 6 shows comparisons of the incidence of chromosome aberrations based on two-week gestational age groups for embryos and for the chorionic villi. Fifty-one cases were excluded from scoring, because the gestational stages were not known. In every gestational age group, the incidences in cases in which the chorionic villi were analyzed were higher than those in which embryos were analyzed.
The total incidence in the successfully analyzed embryo group was 3.6% (8/221), and that in the chorion group was 8.2% (63/766), (p<0.05).
A comparison of recovery rates of the embryos, based on two-week gestational age groups, between normal and abnormal cases is presented in Table 7 . Fifty-one cases were excluded from scoring, because the gestational ages were not known.
Of the 987 cases, embryos were obtained in 539 cases (54.6%).
For the normal groups, the overall recovery rate of the embryos was 56.8% (520/916).
For the abnormal groups, the rate was 26.8% (19/71). The difference was significant (p<0.001).
Comparisons of normal and abnormal two-week gestational age groups showed similar relationships.
DISCUSSION
The embryo and the chorionic villi both originate in the early stage of cleavage formation44). Microscopic observations of the chorionic villi showed frequent mitoses in the Langhans cell layers, but not in the syncytium and stromal cells45). Of 1,250 cases, 147 were examined for both embryos and chorionic villi, and 74 cases of embryos only were examined.
In other 1,029 cases, only the chorionic villi were examined. The karyotypes of the embryos coincided with those of the chorionic villi in 147 cases in which both the embryos and the chorionic villi were examined.
Thus, the karyotypes of the chorionic villi are considered to reflect the types found in the embryo.
Of 11 mosaic cases, 5 were found when both embryos and chorionic villi were examined. The correlation of these karyotypes was also confirmed.
Embryos and chorionic villi may naturally produce different chromosome aberrations during tissue differentiation, but no case of this type was detected.
In the 4 tetraploid mosaics observed, cells were distributed over a range of 43.6 to 65.0%.
These cases were all considered to be real mosaics. Chromosomal investigations using embryos obtained from induced abortions mainly have been made in Japan36-41). The reported incidences of abnormalities are summarized in Table 8 as are those found in the present study. The gestational ages in days and the maternal ages in years are compared in Table 9 . The frequency of abnormalities found in this study is high in comparison with previous studies.
The distribution of mean maternal age and the percent of mothers over 41 years indicate that the age of the mothers in the present study is not a predominant factor affecting the incidence of chromosome anomalies. The only notable difference found among the gestational ages in Table 9 is from Hahnemann's study. Kajii showed that the frequency of chromosome anomalies was expected to rise, when extra-embryonic tissue was examined41). The large proportion of extra-embryonic materials used may chiefly explain the high incidence observed in the present study. As seen in Table 4 , maternal agedependence was remarkable in trisomies, but not in monosomies and polyploidies. The mean maternal age was significantly high in trisomies (p<0.001), but not in monosomies and polyploidies (Table 5 ).
Epidemiological evidence of maternal age-dependence had been established for Down's syndrome long before its chromosomal abnormality was revealed46 '47) . The first meiotic division of an ovum cell starts when the baby is three months of gestational age, and is completed at the time of ovulation. During this particularly long period, the development of the ovum remains inactive for cell division (dyctiotene stage). Aging of the ovum itself may occur during the dyctiotene stage, but even if it does not, a variety of hazardous environmental effects may affect development of the ovum.
Another possibility is that the "over-ripeness" of the ova causes non-disjunction. "Delayed ovulation" resulting from disordered menstrual rhythm often may be accompanied by maternal ageing, or "delayed fertilization" may take place with less frequent coition by older women. Table 8 Reported incidences of chromosome anomalies in induced abortuses41) Table 9 Comparison of gestational and maternal ages reported for induced abortions41) * K Based on 782 cases ** Calculated from the expected date of delivery *** 40 years and older Recently, it has become possible to study the superfluous chromosome found in the analysis of "polymorphism" with the fluorescent banding technique. An analysis of 18 cases of trisomy 21 by Wagenbichler et al. 48) , indicated that non-disjunction occurred on both the maternal and paternal sides. Furthermore, they said that it occurred in both the first meiotic and the second meiotic divisions. Previously, Penrose49) had reported that 40% of Down's syndrome cases were independent of the maternal age and he suggested that extrinsic factors might play an important role in producing these maternal age-independent cases of Down's syndrome.
The epidemiologic study based on data from the present study was a retrospective one, since the data were collected after the abortion had taken place. But it may also be referred to a sort of prospective ones in the sense that samples were obtained from mothers who did not know any sequence of their pregnancy. Embryos examined within the first trimester were, therefore, survivors of cohorts which suffered from varied intrinsic or extrinsic insults after conception.
Embryos with abnormal chromosomes are eliminated as gestation advances (Table 6  and 7) . Ruziscka et al.50 ) discussed the process of embryonic elimination from fertilization until birth, based upon the findings obtained from spontaneous and induced abortions. They classified the process into three phases. The first was from gametogenesis up to one month of pregnancy. During this period, embryos with autosomal monosomies, relatively large autosomal trisomies and gross structural anomalies mainly were eliminated. The second phase of selection was characterized by a peak of spontaneous abortions between the 10th and 12th weeks of pregnancy. In this particular phase, complete trisomies of small autosomal chromosomes, X monosomies and polyploidies were the dominant types eliminated. Lethal abnormalities which escaped elimination during the first phase and semi-lethal ones which could survive until birth were also often eliminated here. The third phase was the period during which midtrimester abortions occurred. The types of anomalies eliminated in the third phase consisted chiefly of structural chromosome anomalies, autosomal aneuploidies and gonosomal aneuploidies. The materials observed in this study came from the 5th to 12th weeks of gestation. This period, according to Ruziscka, et al.50) , coincided with the second phase of my study. As seen in Table 2 , the number of aneuploidies, polyploidies and structural chromosome aberrations was 64, 14 and 2, respectively. This distribution suggested the second phase pattern.
The results obtained in this study and previously reported results50,51), indicate that the elimination of autosomal monosomies, the kinds of autosomal trisomies Groups A, B, C and F) and gross structural anomalies are eliminated up to the end of the fourth week of gestation. Autosomal trisomies (Groups D, E and G), X monosomies and polyploidies may be eliminated from the 5th to the 12th week. After the 13th week of pregnancy, slight anomalies such as autosomal mosaic anomalies, gonosomal aneuploidies and minute structural anomalies are eliminated.
From a eugenic point of view, spontaneous abortions should be regarded as a drastic measure of selection. An investigation of how anomalous embryos escape elimination would therefore be useful in the study of how to prevent birth defects.
SUMMARY
A cytogenetic investigation was made with induced-aborted conceptuses in order to clarify the frequency of gross chromosome aberrations in the early stage of pregnancy. Samples were limited to those aborted within three months of gestation and were taken only abortions induced for socio-economic reasons. Embryos and the choroinic villi were both examined by the direct method. The fluorescent staining method was used to identify the Y-body for sex determination.
Of the 1,661 cases observed, chromosome analyses were successful in 1,250 cases (75.3%).
The mean maternal age was 28.0 (min. 17-max. 46)
Eighty chromosome anomalies were detected (6.4%).
The incidence increased as the maternal age advanced.
Aneuploidies, polyploidies and structural abnormalities were found in 64 cases (5.1%), 14 cases (1.1%) and 2 cases (0.2%), respectively.
In the distribution of trisomies, the maternal age-dependence was distinctive.
In monosomies and polyploidies, however, this phenomenon was not observed.
The incidence of chromosome anomalies decreased in proportion to the increase in gestational age.
